Association between coronary heart disease and chronic oral infections The situation is further compounded by the fact that periodontal disease is highly prevalent in India, and it can act as an independent risk factor for CHD. By far periodontal disease is the most common oral infection in India, with a prevalence rate of 66.2% among individuals of age 15 years and about 89.2% among adults in the age group of 35-44 years. 3 Common risk factors exist for both the diseases such as age, gender, alcohol, tobacco, diet, socioeconomic status, hypertension, diabetes, stress etc.
Periodontal disease is predominantly a Gramnegative infection resulting in severe inflammation, with potential in vascular dissemination via the sulcular epithelium of microorganisms and their products such as Lipopolysaccharides (LPS) throughout the body. The severity of the inflammation determines the degree of bacteremia. Oral infections like dental caries and periodontitis are known not only to enhance the risk of certain systemic diseases like coronary heart disease and related events such as angina, infarction and atherosclerosis; but also stroke; diabetes mellitus; preterm labour; and respiratory conditions such as Chronic Obstructive Pulmonary Disease (COPD). 4, 5 Significant association between poor oral health, chronic oral inflammations, and CHD has been pointed out in few studies proving the important role played by inflammatory and hemostatic factors. 6 The secretion of proinflammatory cytokines from the vascular endothelium as well as from macrophages induces the production of inflammatory molecules that are measured in the circulation, such as C-reactive protein (CRP), and fibrinogen. 7 High levels of fibrinogen and coagulation factor VII are associated with an increased risk of CHD. Factor VII levels are higher in individuals with a high intake of dietary fat. Decreased fibrinolytic activity has been reported in patients with coronary atherosclerosis. Elevated levels of serum CRP, high levels of Lipoprotein (a) a compound formed from LDL cholesterol, high blood triglycerides are associated with an increased risk of CHD events. 8 Given the high prevalence of oral infections especially periodontal disease and its deleterious association with coronary heart disease it is essential to prove that a baseline oral disease is significantly associated with an increased risk of CHD. Hence the present study was undertaken to identify certain serum markers with higher specificity for CHD
MATERIAL AND METHODS
Fifty five patients between the age group of 40 to 80 years with the history of Ischemic heart disease(IHD), Congestive cardiac failure (CCF), Myocardial infarction (MI), Angina pectoris, as confirmed with ECG changes and certain serum enzyme levels like glutamic oxaloacetic acid, creatinine, phosphokinase, visiting the Department of Cardiology, formed our study group. Age matched 55 subjects with good general health (age, ethnicity) without clinical evidence of cardiovascular disease as confirmed by a cardiologist at least 6 months prior to the oral examination formed the control group. An ethical clearance was obtained from the Institutional review board and informed consent was obtained from all subjects. Among patients who were deemed clinically stable to visit the dental hospital and undergo a thorough oral examination were included in the study. Exclusion criteria were completely edentulous patients or patients having less than 5 teeth in oral cavity, those who had received periodontal treatment within the preceding 6 months to the disease and cardiac patients on treatment. Age, gender height and weight, BMI (body mass index) were recorded. All subjects were asked for family history of coronary artery disease, tobacco habits, blood pressure and diabetes mellitus. Tobacco use was assessed as current, former or never, type of tobacco (smoking/smokeless) and duration and frequency of tobacco use was recorded. Blood pressure, glucose level, HbA1c (glycosylated haemoglobin), Low Density Lipoprotein (LDL) cholesterol, leucocytes, fibrinogen, creatine phosphokinase (CPK), C-reactive protein (CRP) serum levels and ESR levels were observed. Glucose levels and HbA1c served as an indicator for diabetes status.
Oral examination, all subjects were required to complete a questionnaire and undergo oral examination by two examiners for number of teeth, missing and decayed teeth, filled teeth, endodontically treated teeth, bleeding on probing, clinical attachment level, PSI (Periodontal Screening Index). PSI serves as a valuable tool to obtain information about the periodontal pathology and treatment needs and help to distinguish between clinically healthy and inflamed sites. All measurements were recorded at 6 aspects on each of 6 Ramjford teeth (mesiobuccal, mid-buccal, distobuccal, mesiolingual, midl-lingual and disto lingual) by using a standard periodontal probe (Williams probe) and non-magnifying dental mirror. Screening index ranges from degree 0-4. Score 0-no bleeding on probing, no pathologic pocket, and no calculus. Score 1 -bleeding on probing, Score 2 -calculus and no pathological pocket, Score 3 -probing depth between 3.5 -5.5 mm, Score 4 -probing depth > 5.5mm.
Statistical analysis:
Statistical analysis was performed by mean of SPSS 15.0 for Windows software. Descriptive statistics comprising of mean and standard deviation was used for continuous data. Percentage and proportions were analysed for discontinuous data such as gender. Chi square test was used for comparing the statistical significant differences in proportions between different groups. Independent T test was used to compare the statistical significance of mean (standard deviation) between 2 groups. p < 0.05 was considered statistically significant.
RESULTS
Evidence of an association between chronic dental health and CHD was found in the present study. CHD patients were in the mean age of 59.4 years (SD 8.3 years) and a distribution of 69.1 % males and 30.9 % females (Table 1) ; the controls had a mean age of 57.8 years (SD 8.5 years) and a distribution of 56.4% males and 43.6 % females (Table 1) . Patients with CHD were generally overweight (n= 37, 67.2%), and some obese (n=14, 25.4%). Most of them were Diabetics and had increased BP. Also there was statistically significant difference between controls and CHD patients in fibrinogen CPK, CRP, LDL, Blood glucose, Leucocytes levels (Table II) . In comparison to controls, CHD patients had an unfavourable dental status, a statistically significant number of missing teeth and decayed teeth were present. There was no significant difference for filled teeth between both groups. Normal controls showed higher number of endodontically treated teeth than patients with CHD. A significant relationship between increasing severity of periodontics (PSI) with the mean of 2.254 in patients with CHD and 1.688 in normal subjects was observed (Table III) .
DISCUSSION
A strong genetic component is implicated in the genesis of atherosclerosis, the most common cause of coronary heart disease (CHD) in association with several anatomical, physiological, and behavioural risk factors, including changes in serum lipid profile, smoking, arterial hypertension, diabetes, obesity, sedentary lifestyle, age, and gender. Many cell types, including platelets, endothelial cells, activated monocytes, macrophages, and smooth muscle cells, are involved in the formation of atherosclerotic plaques. Certain cardiovascular (CV) risk markers such as low-grade chronic inflammation, at both focal and systemic levels, play a key role in destabilization and rupture of atherosclerotic plaques, leading to acute cardiovascular (CV) events. [9] [10] [11] An association of serological markers of bacterial and viral infections and biochemical markers of inflammation with cardiovascular disease has been found in few studies. 12 It has even been suggested that atherosclerosis is primarily an inflammatory disease. A large number of inflammatory serum biomarkers are associated with the risk of CHD in prospective studies like CRP,Lp-PLA2.,white blood cell counts, myeloperoxidase, serum phospholipase A2 (sPLA2), cystatins, Association between coronary heart disease and chronic oral infections Sujatha S Reddy, et, al. Association between coronary heart disease and chronic oral infections Sujatha S Reddy, et, al.
fibrinogen, interleukins etc. Dental infections have been associated with CHD. Periodontal disease is a chronic infection of the supporting tissues of the tooth and apical periodontitis, a consequence of dental caries involving the pulp have demonstrated the possible relationship between chronic dental infection and CVD. Consequently, the relationship between oral disease and systemic disease is a twoway road, with systemic host factors acting locally to reduce resistance to periodontal destruction and the local bacterial challenge generating widespread effects with the potential to induce adverse systemic outcomes. Chronic infections of dental origin are cumulative in patients with CHD and have been evaluated in various studies. [13] [14] [15] In the present study most of the patients were either overweight or obese with the Body Mass Index (BMI) ranging between 25 and 32. Erythrocyte sedimentation rates levels were elevated in most patients which could be because of high proportion of fibrinogen in the blood which causes red blood cells to stick to one other forming stacks called 'rouleaux,' which settle faster. Inflammatory markers like serum Fibrinogen and C-reactive protein concentrations were higher in the CHD group similar to other studies. 12, 16 Fibrinogen increases the risk of an acute coronary event through its prothrombotic and rheological effects, and may also play a part in atherosclerosis formation. 17 CRP levels often increase substantially in response to a wide variety of biological insults, infections, inflammatory conditions and malignant processes. 18, 19 However, given its consistent association with increased CHD risk, CRP remains an established 'marker of risk' its increased levels are associated with increased CHD risk. In the absence of inflammation, hsCRP levels of, 1 mg/ml confer a lower risk for CHD, while levels above 3 mg/ml increase the risk of CHD.
Periodontal diseases are associated with an increase in CRP levels, higher levels in generalized periodontitis compared to localized periodontitis. In our study, dentate people with extensive periodontal disease had an increase of approximately one-third in mean CRP and a doubling in the prevalence of elevated CRP, compared with periodontaly healthy people. 20 Individuals with periodontal disease have an approximately 24-35% increase in risk of developing CHD. Periodontal disease also may lead to transient increase in circulating levels of IL-Iβ, TNF-α, and prostaglandin E 2 (PGE 2 ). This may be the first step in the contribution of periodontal diseases to systemic inflammation. Elevated levels of CRP, IL-6 and neutrophils in patients with periodontitis may occur when bacteria, bacterial products and cytokines enter the circulation. 21, 22 In a large epidemiologic survey it was observed that chronic periodontal disease was associated with an increased risk of CHD. Elevated levels of CRP, fibrinogen, serum amyloid A, and von Willebrand's factor were correlated with periodontal disease. Likewise, the number of missing teeth has also been linked with elevated risk levels for CHD .A relationship between oral health and CHD was demonstrated in this long study of 14 years where edentulous individuals or patients with periodontal diseases exhibited a higher risk for CHD in 25%,and male patients with periodontal diseases exhibited higher risks for CHD in 70%. 23 Besides periodontal disease, chronic apical inflammations of endodontic origin could be considered as a possible source of bacteraemia. Although there are differences between chronic inflammatory disease of periodontal and endodontic origin, there are similarities regarding common existing microbiota and systemic cytokine levels. 6 In the study by Joshipura et al a modest association between root canal therapy following pulp inflammation and incidence of CHD was observed. 12 Large number of patients had elevated glucose and HbA1c levels indicating their diabetic status. Cholesterol (LDL) was higher among CHD patients in accordance to other studies where it has been strongly associated with coronary heart disease (CHD) risk. Even at concentrations well below the National Cholesterol Education Program target of 130 mg/dL, LDL cholesterol is a strong independent predictor of coronary heart disease in individuals Association between coronary heart disease and chronic oral infections Sujatha S Reddy, et, al.
with diabetes. Hence, aggressive control of LDL cholesterol in individuals with poor glycaemic control with a target level of <100 mg/dL is recommended. 24 Creatine phospokinase (CPK) a myocardial enzyme, an inflammatory biomarker was also significantly elevated in our study. Leukocyte count was significantly elevated among CHD patients. It is the most sensitive and the most specific indicator available for the diagnosis of an acute myocardial infarction, the degree and duration of CPK elevation in serum approximates the extent of an acute myocardial infarction. 25 In the present study the mean leukocyte count was higher in patients than in control subjects 8,000/ mm vs. 7,500/mm similar to other studies. 26 Leukocyte count is a marker of inflammation. Elevated differential cell counts of various types of inflammatory cells, including eosinophil, neutrophil, and monocyte counts, also predict the future incidence of CHD. Numerous epidemiologic and clinical studies have shown leukocytosis to be an independent predictor of future cardiovascular events, both in healthy individuals free of CHD at baseline and in patients with stable angina, unstable angina, or a history of myocardial infarction. Leukocytosis affects CHD through multiple pathologic mechanisms that mediate inflammation, cause proteolytic and oxidative damage to the endothelial cells, plug the microvasculature, induce hypercoagulability, and promote infarct expansion. 27 The leukocyte count is an inexpensive, reliable, easy to interpret, and ordered routinely, however, its diagnostic and prognostic utility in CHD is widely unappreciated.
In the present study, CHD patients had significantly less number of teeth, but large number of endodontic and periodontal lesions in the remaining teeth compared to the control group. PSI score was high. Most teeth needed either a restoration or a root canal therapy. These findings are in accordance with other investigations in which the association between CHD, physical health, socioeconomic status, and poor oral health has been demonstrated. [28] [29] [30] A possible relationship between lesions of endodontic origin and CHD was also evaluated in a study by Caplan et al who found that patients younger than 40 years exhibited a positive correlation between endodontic lesions and diagnosis of CHD, however, individuals older than 40 years showed no statistically significant association. 27 The assumptions that chronic infections are involved in the pathogenesis of CHD and that chronic infections of dental origin are cumulative in patients with CHD have been observed in different prospective studies.
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CONCLUSION
Periodontal disease is one of the risk factors for cardiovascular disease and possibly one of its causes. Hence, even associations of modest magnitude have a large impact. Oral infections are treatable; moreover, it is preventable. Oral disease prevention and promotion of oral health need to be integrated with chronic disease prevention and general health promotion as the modifiable risk factors like tobacco use, oral hygiene, diet etc are linked. Hence, effective integration of oral disease management with management of other chronic diseases is essential.
